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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



I. Basis of the report 



International application No. 
PCT/US00/22340 



1 . With regard to the elements of the international application: * 
| | the international application as originally filed 
the description: 

pages (See Attached) . . 

r e , as originally filed 

pagCS ■ , filed with the demand 

P a S es , filed with the letter of 

| x| tne claims: 

pages (See Attached) . . 

r e — , as originally filed 

pages > as amended (together with any statement) under Article 19 

pagCS — , filed with the demand 

P a S es , filed with the letter of 

| x| tne drawings: 

pages (See Atta ched) . . 

r c ■ . __ , as originally filed 

pagCh — ■ , filed with the demand 

P a g es , filed with the letter of 

~x\ the sequence listing part of the description: 

pages (See Attached) 



, as originally filed 

pagCS . , filed with the demand 

P a g es , filed with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item * * n 
These elements were available or rumished to this Authority in the following language which is: 

Q the language of a translation furnished for the purposes of international search (under Rule 23 1(b)) 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

Q the language of the translation furnished for the purposes of international preliminary examination (under Rules 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary' examination was carried out on the basis of the sequence listing- 

□ contained in the international application in printed form. 

I | flled together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

□ 5t2^^ «1~ Hsting does ■« g<> beyond the disclosure in the 
I— J bmlS ^ infomiation recorded ^ computer readable form is identical to the writen sequence listing has 

4 DEI Tne ame ndments have resulted in the cancellation of- 

the description pages NONE 

the claims, Nos. 9 and 24 
the drawings, sheets/fig NONE 

5- Q This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
and 70^ QS ° nginally fiUd ^ are "° ! a™**** *° report since they do not contain amendments (Rules 70.16 

**Any replacement sheet containing such amendment s must be referred to under item 1 and annexed to this report. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US00/22S40 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims l-s, 10-15 AND 2S-ss 



Claims 16-23 AND 25-27 



YES 
NO 



Inventive Step (IS) 



Claims NONE 



Claims l-s, 10-23 AND 25-33 



YES 
NO 



Industrial Applicability (IA) 



Claims 
Claims 



1-8, 10-23 AND 25-33 



NONE 



YES 
NO 



citations and explanations (Rule 70.7) 
Claims 16-23 and 25-27 lack novelty under PCT Article 33(2) as being anticipated by Connolly et al (US 5120693). 

Connolly teaches a method of making a powder, column 1, lines 5-10. As a ceramic-ceramic powder, it would be 
capable to be used in a thermal spray apparatus, column 2, lines 55^65. Micron -scale particles of a hard phase material are 
blended with nano-scale particles of a binder phase material to form a uniform powder mixture, see column 2, lines 55-65, 
column 10, lines 5-15 and column 5, lines 25-60. The binder phase material is a ceramic, silica, column 2, lines 60-65. The 
powder mixture is aggregated to bond the different particles together, column 5, lines 25-50. 

claim 17: in the blending step, the particles are aggregated, column 5, lines 25-60. 

claim 18: the particles are of different sizes, column 10, lines 5-20. 

claims 19, 20: the particles are different in composition, column 10, lines 5-20 (note the difference between the micron 
particles and the binder particles). 

claims 21, 22, 27: the particles are agglomerated by spray drying before aggregating by heat, column 5, lines 25-60. 

claim 22: the final particle aggregate size can be 40 microns, for example, column 5, lines 45-50. 
claim 23: The hard phase material is a ceramic, column 3, lines 20-40. 

claims 25, 26: The micron scale particles can be 50 to 90 percent of the aggregate by weight, which would be inclusive 
of, for example, 70 volume percent, column 10, lines 5-20. 

The Examiner notes that silica is considered to be a ceramic. For example, the Examiner notes claim 15, line 4 and 
claim 28, line 4, where SiO, (silica) is clearly indicated as a ceramic. 

Claims 1-8, 10-15 and 28-33 an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in the 
immediately preceding paragraph and further in view of WO 97/18341 (hereinafter '341). 

Connolly teaches all the features of these claims except (1) (Continued on Supplemental Sheet.) 
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International application No. 



INTERNATIONALi PRELIMINARY EXAMINATION REPORT 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are 1 
supported by the description, are made: 

Claims 16 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because the claim are indefinite 

the following reason(s): 

claim 16, line 8, "from" should apparently be "form". 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 


Continuation of: Boxes I - V1LL 


Sheet 10 



CLASSIFICATION: 

The International Patent Classification (IPC) and/or the National classification are as listed below: 
IPC(7): B32B 9/00; C22C 29/00; C23C 4/06 and US CI.: 427/450, 451, 452. 453, 455. 456; 75/230, 236, 240, 244. 245, 
246; 428/552. 565, 688. 689, 539.5; 419/10. 12. 13. 14, 18; 106/286.8, 287.34 



I. BASIS OF REPORT: 

This report has been drawn on the basis of the description, 

page(s) 1-17, as originally filed. 

page(s) NONE, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the claims, 

page(s) NONE, as originally filed. 

page(s) NONE, as amended under Article 19. 

page(s) NONE, filed with the demand. 

and additional amendments: 

Pages 18-23, filed with the letter of 07 September 2001. 

This report has been drawn on the basis of the drawings, 

page(s) 1-6, as originally filed. 

page(s) NONE, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the sequence listing part of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 



V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

the thermal spraying of the feedstock to form a coating (claims 1, 29), (2) the selective melting during spraying (claim 13), (3) 
the cooling rate (claim 14), (4) the particular materials of the particles (claims 15, 28, 30, 31, 33). 

*341 teaches the thermal spraying of agglomerated particles to form wear resistant coatings, page 5, lines 10-20. The 
particles are agglomerated from nanostructured particles, page 5, lines 10-20. '341 further teaches that when spraying 
nanoparticle agglomerates the nanoparticle grains and the binder will all rapidly dissolve, while when spraying larger particles 
surrounded by a matrix phase, the matrix will melt, but the larger particle will undergo little size change and result in a 
porous coating, see page 9, lines 10-30 and figures 4A and 4B. '341 teaches that the materials sprayed can be WC/Co 
agglomerates, for example, see page 8, lines 10-25. 

It would have been obvious to one of ordinary skill in the art at the time the invention was made to modify Connolly 
to use the particles for thermal spraying as suggested by '341 with an expectation of producing desired ceramic coatings, 
because Connolly teaches providing agglomerated ceramic powders, and '341 teaches that it is conventional to thermal spray 
agglomerated powders. It further would have been obvious to use the micron/ nano scale particles as taught by Connolly when 
selective melting is desired during spraying, such as to provide a porous coating, given the selective melting taught to be 
conventional by *341 when using particles larger than nanoparticle sized. As to the cooling rate, it would have been obvious 
to control the cooling rate to provide the desired structure, given the teaching of Connolly to control the temperature to 
prevent destroying the crystal structure of the particles during processing (see column 5, lines 25-40). Further, it would have 
been obvious that the particles could be made of other ceramic/metal or ceramic/ceramic combinations based on the coating 
requirements given the teaching in '341 of the variety of materials that can be agglomerated together to form thermal spraying 
particles. 

The Examiner notes that silica is considered to be a ceramic. For example, the Examiner notes claim 15, line 4 and 
claim 28, line 4, where Si0 2 (silica) is clearly indicated as a ceramic. The Examiner notes that Connolly would be considered 
analogous art, because it is reasonably pertinent to the problem of agglomerating particles. The reference to '341 has been 
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provided as to the conventionality of using agglomerated particles is thermal spray coating processes. 



Claims 1-8, 10-15 and 28-33 meet the criteria set out in PCT Article 33(2) as to novelty, because the prior art to Connolly 
does not teach the thermal spraying of the particular coating. 

Claims 1-8, 10-23 and 25-33 meet the criteria set out in PCT Article 33(4), as to industrial applicability, because the claims 
provide a desirable method, particles and coating for providing desirable abrasion resistant coatings. 



NEW CITATIONS 

NONE 
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CLAIMS 

What is claimed is: 



1 . A method for producing an abrasion resistant coating composed of a ceramic/metal 
material system or a ceramic/ceramic material system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scale 
particles thereby forming a feedstock powder comprised of aggregated particles; and 

thermal spraying the feedstock powder of particle aggregates onto a substrate thereby 
forming the abrasion resistant coating thereon, the coating composed of the micron-scale 
particles of the hard phase material fused together with the binder phase material. 

2. The method according to claim 1, wherein in the blending step the micron-scale 
particles of the hard phase material are arranged in particle aggregates. 

3. The method according to claim 2, wherein the particles are different sizes. 

4. The method according to claim 3, wherein the particles are different in 
composition. 
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5. The method according to claim 2, wherein the particles are different in 
composition. 

6. The method according to claim 1, further comprising the step of agglomerating 
the powder mixture formed in the blending step prior to performing the aggregating step. 

7. The method according to claim 6, wherein the agglomerating step is performed by 
spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 




8. The method according to claim 1, wherein the hard phase material includes one of 
a ceramic or a ceramic/metal composite. 

10. The method according to claim 1, wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 

11. The method according to claim 1, wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 

12. The method according to claim 1, wherein the aggregating step is performed by 
heat treating. 



i3. The method according to claim 1, wherein during the thermal spraying step the 
nano-scale particles of the binder phase material are selectively melted, the melted particles 
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filling pore spaces between heated and softened ones of the micron-scale particles, thereby 
effectively binding the micron-scale particles together and densifying the coating. 

14. The method according to claim 13, wherein during the thermal spraying step the 
melted particles experience a cooling rate which generates one of an amorphous nanocrystalline 
or microcrystalline binder phase. 

15. The method according to claim 1 , wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, Al 2 0/Ti0 2 , Zr0 2 /MgO, and Cr 2 03/Si0 2 . 

16. A method of making a feedstock powder for use in producing thermal spray abrasion 
resistant coatings composed of a ceramic/metal material system or a ceramic/ceramic material 
system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; and 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scale 
particles thereby forming particle aggregates which from the feedstock powder. 



17. The method according to claim 16, wherein in the blending step the micron-scale 
particles of the hard phase material are arranged in particle aggregates. 

20 
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18. The method according to claim 17, wherein the particles are different sizes. 

19. The method according to claim 18, wherein the particles are different in 
composition. 

20. The method according to claim 17, wherein the particles are different in 
composition. 

21. The method according to claim 16, further comprising the step of agglomerating 
the powder mixture formed in the blending step prior performing the aggregating step. 

22. The method according to claim 21, wherein the agglomerating step is performed 
by spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 

23. The method according to claim 16, wherein the hard phase material includes one 
of a ceramic or a ceramic/metal composite. 

25. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 



26. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 
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27. The method according to claim 16, wherein the aggregating step is performed by 
heat treating. 

28. The method according to claim 16, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, AhO/TiC^, Zi0 2 /MgO, and Cr 2 03/Si0 2 . 

29. An abrasion resistant coating comprising: 

nano-scale particles of a binder phase material selected from the group consisting of 
metal particles, ceramic particles, and ceramic/metal composite particles; and 

micron-scale particles of a hard phase material fused together with the binder phase 
material. 

30. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/metal material system. 

31. The coating according to claim 30, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/pietal. 
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32. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/ceramic material system. 

33. The coating according to claim 32, wherein the ceramic/ceramic material system 
is selected from the group consisting of A1 2 0 3 , YSZ, Al 2 03yTi0 2 , Zr0 2 /MgO, and Cr 2 C>3/Si0 2 . 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/USOO/22340 



I. Basis of the report 



1 . With regard to the elements of the international application: * 
| | the international application as originally filed 



the description: 

pages (See Attached) 

pages 

pages 



_ , as originally filed 
filed with the demand 



, filed with the letter of 



| x| the claims: 

pages 

pages 

pages 

pages 



(See Attached) 



, as originally filed 

, as amended (together with any statement) under Article 1 9 
, filed with the demand 



, filed with the letter of 



I x| the drawings: 

pages (See Attached) 

pages 

pages 



, as originally filed 

, filed with the demand 



[x\ the sequence listing part of the description: 

pages (See Attached) 

pages 

pages 



, filed with the letter of . 



, as originally filed 

, filed with the demand 



filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

j^] the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in printed form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 
| [ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable form is identical to the writen sequence listing has 
■ — ' been furnished. 

The amendments have resulted in the cancellation of: 



4.L2L 



the description, pages_ 
the claims, Nos. 



NONE 



0 

CHI 

fx] the drawings, sheets/fig NONE 



9 and 24 



5. | | This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation wider Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

**Any replacement sheet containing such amendments must be referred to under item 1 and annexed to th is report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability, 
citations and explanations supporting such statement 



statement 

Novelty (N) 

Inventive Step (IS) 
Industrial Applicability (IA) 



Claims l-s, io-i5 AND 28-33 



Claims 16-23 AND 25-27 



Claims NONE 



Claims i-s t 10-23 AND 25-33 



Claims 1-8, 10-23 AND 25-33 
Claims NONE 



YES 
NO 

YES 
NO 



YES 
NO 



citations and explanations (Rule 70.7) 
Claims 16-23 and 25-27 lack novelty under PCT Article 33(2) as being anticipated by Connolly et al (US 5120693). 

Connolly teaches a method of making a powder, column l f lines 5-10. As a ceramic-ceramic powder, it would be 
capable to be used in a thermal spray apparatus, column 2, lines 55-65. Micron-scale particles of a hard phase material are 
blended with nano-scale particles of a binder phase material to form a uniform powder mixture, see column 2, lines 55-G5, 
column IO, lines 5-15 and column 5, lines 25-60. The binder phase material is a ceramic, silica, column 2, lines 60-65. The 
powder mixture is aggregated to bond the different particles together, column 5, lines 25-50. 

claim 17: in the blending step, the particles are aggregated, column 5, lines 25-60. 

claim 18: the particles are of difTerent sizes, column 10, lines 5-20. 

claims 19, 20: the particles are different in composition, column 10, lines 5-20 (note the difference between the micron 

particles and the binder particles). 

claims 21, 22, 27: the particles are agglomerated by spray drying before aggregating by heat, column 5, lines 25-60. 

claim 22: the final particle aggregate size can be 40 microns, for example, column 5, lines 45-50. 
claim 23- The hard phase material is a ceramic, column 3, lines 20-40. 

claims 25, 26: The micron scale particles can be 50 to 90 percent of the aggregate by weight, which would be inclusive 
of, for example, 70 volume percent, column 10, lines 5-20. 

The Examiner notes that silica is considered to be a ceramic. For example, the Examiner notes claim 15, line 4 and 
claim 28, line 4, where SiO t (silica) is clearly indicated as a ceramic. 

Claims 1-8, 10-15 and 28-33 an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in the 
immediately preceding paragraph and further in view of WO 97/18341 (hereinafter '341). 

Connolly teaches all the features of these claims except (l) (Continued on Supplemental Sheet.) 
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VUL Certain observations on the international application 



The f ollowing observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claims 16 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because the claim are indefinite for 



the following reason(s): 

claim 16, line 8, "from" should apparently be "form". 
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CL ASSI FI C ATI ON " 

The International Patent Classification (IPC) and/or the National classification are as listed below: 
IPC(7V b£b 19/5? C22C 29/00; C23C 4/06 and US CI. : 427/450, 451, 452, 453, 455, 456; 75/230, 236, 240, 244, 
246; 428/552 , 565 , 688 , 689 . 539.5 ; 419/10, 12, 13, 14, 18; 106/286.8, 287.34 



245, 



I. BASIS OF REPORT: 

This report has been drawn on the basis of the description, 
page(s) 1-17, as originally filed. 
page(s) NONE, filed with the demand, 
and additional amendments: 
NONE 

This report has been drawn on the basis of the claims, 
page(s) NONE, as originally filed. 
page(s) NONE, as amended under Article 19. 
page(s) NONE, filed with the demand, 
and additional amendments: 

Pages 18-23, filed with the letter of 07 September 2001. 

This report has been drawn on the basis of the drawings, 
page(s) 1-6, as originally filed. 
page(s) NONE, filed with the demand, 
and additional amendments: 
NONE 

This report has been drawn on the basis of the sequence listing part of the description: 
page(s) NONE, as originally filed. 
pages(s) NONE, filed with the demand, 
and additional amendments: 
NONE 

V 2 REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): „x 
the thermal spraying of the feedstock to form a coating (claims 1, 29), (2) the selective melting during spraying (claim 13), (3) 
the cooling rate (claim 14), (4) the particular materials of the particles (claims 15, 28, 30, 31, 33). 

•341 teaches the thermal spraying of agglomerated particles to form wear resistant coatings, page 5, lines 10-20. The 
particles are agglomerated from unstructured particles, page 5, lines 10-20. '341 further teaches that when spraying 
nanoparticle agglomerates the nanoparticle grains and the binder will all rapidly dissolve, while when spraying larger particles 
surrounded by a matrix phase, the matrix will melt, but the larger particle will undergo little size change and re^t in a 
porous coating, see page 9, lines 10-30 and figures 4A and 4B. '341 teaches that the materials sprayed can be WC/Co 
aaelomerates. for example, see page 8, lines 10-25. 

It would have been obvious to one of ordinary skill in the art at the time the invention was made to modify Connolly 
to use the particles for thermal spraying as suggested by '341 with an expectation of producing desired ceramic coatings 
because Connolly teaches providing agglomerated ceramic powders, and '341 teaches that it is conventional to thermal spray 
aldomerated powders. It further would have been obvious to use the micron/nano scale particles as taught by Connolly when 
selective melting is desired during spraying, such as to provide a porous coating, given the selective melting taught to I* 
conventional bf'341 when using particles larger than nanoparticle sized. As to the coolmg rate, it would have been obvious 
to control the cooling rate to provide the desired structure, given the teaching of Connolly to control the temperature to 
prevent de^oyTng *e ^structure of the particles during processing (see column 5. lines 25-40). Further, , ^would ^have 
been obvious uTthe particles could be made of other ceramic/metal or ceramic/ceramic combinations based on the coatmg 
rSnrements given the teaching in '341 of the variety of materials that can be agglomerated together to form thermal spray.ng 

particles. tbat siHca is considered to be a ceramic. For example, the Examiner notes claim 15 Une 4 and 

claim 28. Une 4. where SiQ 2 (silica) is clearly indicated as a ceramic. The Examiner notes itet Connolly would t* considered 
analogous art. because it is reasonably pertinent to the problem of agglomerating particles. The reference to 341 has been 
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provided as to the conventionality of using agglomerated particles is thermal spray coating processes. 



Claims 1-8, 10-15 and 28-33 meet the criteria set out in PCT Article 33(2) as to novelty, because the prior art to Connolly 
does not teach the thermal spraying of the particular coating. 

Claims 1-8, 10-23 and 25-33 meet the criteria set out in PCT Article 33(4), as to industrial applicability, because the claims 
provide a desirable method, particles and coating for providing desirable abrasion resistant coatings. 



NEW CITATIONS 
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CLAIMS 



What is claimed is: 



1. A method for producing an abrasion resistant coating composed of a ceramic/metal 
material system or a ceramic/ceramic material system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scale 
particles thereby forming a feedstock powder comprised of aggregated particles; and 

thermal spraying the feedstock powder of particle aggregates onto a substrate thereby 
forming the abrasion resistant coating thereon, the coating composed of the micron-scale 
particles of the hard phase material fused together with the binder phase material. 

2. The method according to claim 1, wherein in the blending step the micron-scale 
particles of the hard phase material are arranged in particle aggregates. 



3. The method according to claim 2, wherein the particles are different sizes. 



4. The method according to claim 3, wherein the particles are different in 
composition. 
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5. The method according to claim 2, wherein the particles are different in 
composition. 



6. The method according to claim 1, further comprising the step of agglomerating 
the powder mixture formed in the blending step prior to performing the aggregating step. 

7. The method according to claim 6, wherein the agglomerating step is performed by 
spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 

8. The method according to claim 1, wherein the hard phase material includes one of 
a ceramic or a ceramic/metal composite. 

10. The method according to claim 1, wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 

1 1 . The method according to claim 1, wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 

12. The method according to claim 1, wherein the aggregating step is performed by 
heat treating. 

13. The method according to claim 1, wherein during the thermal spraying step the 
nano-scale particles of the binder phase material are selectively melted, the melted particles 
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filling pore spaces 



between heated and softened ones of the micron-scale particles, thereby 



effectively binding the micron-scale particles together and densifying the coating. 

14. The method according to claim 13, wherein during the thermal spraying step the 
melted particles experience a cooling rate which generates one of an amorphous nanocrystalline 



15. The method according to claim 1 , wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, AhOs/TiO,, Zr0 2 /MgO, and Cr 2 C>3/Si0 2 . 

16. A method of making a feedstock powder for use in producing thermal spray abrasi 
resistant coatings composed of a ceramic/metal material system or a ceramic/ceramic material 
system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; and 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scal 
particles thereby forming particle aggregates which from the feedstock powder. 



or microcrystalline binder phase. 



17. The method according to claim 16, wherein in the blending step the micron-: 
particles of the hard phase material are arranged in particle aggregates. 
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18. The method according to claim 17, wherein the particles are different sizes. 

19. The method according to claim 18, wherein the particles are different in 
composition. 

20. The method according to claim 17, wherein the particles are different in 
composition. 

21. The method according to claim 16, further comprising the step of agglomerating 
the powder mixture formed in the blending step prior performing the aggregating step. 

22. The method according to claim 21 , wherein the agglomerating step is performed 
by spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 

23. The method according to claim 16, wherein the hard phase material includes one 
of a ceramic or a ceramic/metal composite. 

25. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 

26. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 
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27. The method according to claim 16, wherein the aggregating step is performed by 
heat treating. 

28. The method according to claim 16, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, AhO/TiCh, Zr0 2 /MgO, and Cr 2 03/Si0 2 . 

29. An abrasion resistant coating comprising: 

nano-scale particles of a binder phase material selected from the group consisting of 
metal particles, ceramic particles, and ceramic/metal composite particles; and 

micron-scale particles of a hard phase material fused together with the binder phase 
material. 

30. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/metal material system. 

31. The coating according to claim 30, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal. 
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32. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/ceramic material system. 

33. The coating according to claim 32, wherein the ceramic/ceramic material system 
is selected from the group consisting of A1 2 0 3 , YSZ, Al 2 C>3yTi0 2 , Zr0 2 /MgO, and Cr 2 03/Si0 2 . 
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What is claimed is: 




1. A method for producing an abrasion resistant coating composed of a ceramic/metal 
material system or a ceramic/ceramic material system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scale 
particles thereby forming a feedstock powder comprised of aggregated particles; and 

thermal spraying the feedstock powder of particle aggregates onto a substrate thereby 
forming the abrasion resistant coating thereon, the coating composed of the micron-scale 
particles of the hard phase material fused together with the binder phase material. 

2. The method according to claim 1, wherein in the blending step the micron-scale 
particles of the hard phase material are arranged in particle aggregates. 

3. The method according to claim 2, wherein the particles are different sizes. 

4. The method according to claim 3, wherein the particles are different in 
composition. 
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5. The method according to claim 2, wherein the particles are different in 
composition. 

6. The method according to claim 1 , further comprising the step of agglomerating 
the powder mixture formed in the blending step prior to performing the aggregating step. 

7. The method according to claim 6, wherein the agglomerating step is performed by 
spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 

8. The method according to claim 1 , wherein the hard phase material includes one of 
a ceramic or a ceramic/metal composite. 

10. The method according to claim 1 , wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 

11. The method according to claim 1 , wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 

12. The method according to claim 1 , wherein the aggregating step is performed by 
heat treating. 

13. The method according to claim 1 , wherein during the thermal spraying step the 
nano-scale particles of the binder phase material are selectively melted, the melted particles 
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filling pore spaces between heated and softened ones of the micron-scale particles, thereby 
effectively binding the micron-scale particles together and densifying the coating. 

14. The method according to claim 13, wherein during the thermal spraying step the 
melted particles experience a cooling rate which generates one of an amorphous nanocrystalline 
or microcrystalline binder phase. 

15. The method according to claim 1, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, Al 2 03/Ti0 2 , Zr0 2 /MgO, and Cr 2 C>3/Si0 2 . 

16. A method of making a feedstock powder for use in producing thermal spray abrasion 
resistant coatings composed of a ceramic/metal material system or a ceramic/ceramic material 
system, the method comprising the steps of: 

blending micron-scale particles of a hard phase material with nano-scale particles of a 
binder phase material selected from the group consisting of metal particles, ceramic particles, 
and ceramic/metal composite particles to form a uniform powder mixture; and 

aggregating of the powder mixture to bond the nano-scale particles to the micron-scale 
particles thereby forming particle aggregates which from the feedstock powder. 



17. The method according to claim 16, wherein in the blending step the micron-: 
particles of the hard phase material are arranged in particle aggregates. 
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18. The method according to claim 17, wherein the particles are different sizes. 

19. The method according to claim 18, wherein the particles are different in 
composition. 

20. The method according to claim 17, wherein the particles are different in 
composition. 

21. The method according to claim 16, further comprising the step of agglomerating 
the powder mixture formed in the blending step prior performing the aggregating step. 

22. The method according to claim 21, wherein the agglomerating step is performed 
by spray drying and the particle aggregates are each about 5 to 50 microns in diameter. 

23. The method according to claim 16, wherein the hard phase material includes one 
of a ceramic or a ceramic/metal composite. 

25. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises between 50 and 90 volume percent of the blended powder mixture. 

26. The method according to claim 16, wherein the micron-scale particles of the hard 
phase material comprises 70 volume percent of the blended powder mixture. 
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27. The method according to claim 16, wherein the aggregating step is performed by 
heat treating. 

28. The method according to claim 16, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal and the ceramic/ceramic material system is selected from the group 
consisting of A1 2 0 3 , YSZ, Al 2 0 3 /Ti0 2 , Zr0 2 /MgO, and Cr 2 C>3/Si0 2 . 

29. An abrasion resistant coating comprising: 

nano-scale particles of a binder phase material selected from the group consisting of 
metal particles, ceramic particles, and ceramic/metal composite particles; and 

micron-scale particles of a hard phase material fused together with the binder phase 
material. 

30. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/metal material system. 

31. The coating according to claim 30, wherein the ceramic/metal material system is 
selected from the group consisting of WC/Co, Cr 3 C 2 /NiCr, TiC/Fe, metal boride/metal, and 
metal nitride/metal. 
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32. The coating according to claim 29, wherein the binder and hard phase materials 
are composed of a ceramic/ceramic material system. 

33. The coating according to claim 32, wherein the ceramic/ceramic material system 
is selected from the group consisting of A1 2 0 3 , YSZ, Al 2 03/Ti0 2 , Zi0 2 /MgO, and Cr 2 03/Si0 2 . 
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A thermal spray method for the fabrication of ceramic/metal and 
ceramic/ceramic hardcoatings for wear applications. The method makes use of 
feedstock powder, composed of micron-scale aggregates of hard phase material 
particles that are either mixed or coated with a readily fusible nano-scale binder 
phase material (12). Thus, during thermal spraying (14), the nanostructured 
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achieved when the volume fraction of aggregated particles is high, typically in the 
range of 0.5 - 0.9. Aggregated material may be composed of one, two or more 
particles of different sizes and/or compositions, with particle size distribution that 
gives high packing density for the hard phase. 
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